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2. INTRODUCTION 

 

2.1 Test Site:  Saint-Gobain Containers, Inc. 

    5801 East Marginal Way S. 

    Seattle, Washington 98134 

 

2.2 Mailing Address: 1509 S. Macedonia Avenue 

    P.O. Box 4200 

    Muncie, IN 47307-4200 

 

2.3 Test Log:  

Glass Melting Furnace No. 3: Total Chrome 

Test Date Run No. Test Time 

February 8, 2011 1 07:56 – 09:56 

 " 2 10:28 – 12:28 

 " 3 12:55 – 14:55 

Summary:  Three valid 120-minute runs 

 

Glass Melting Furnace No. 4: NOx and SO2 

Test Date Run No. Test Time 

February 8, 2011 1 08:33 – 09:34 

 " 2 10:19 – 11:20 

 " 3 12:17 – 13:19 

 4 13:47 – 14:48 

Summary:  Three valid runs (Run 1 was discarded due to a melted sample line) 

 

2.4 Test Purpose:  Compliance with Permit No. 11656.  NOx and SO2 

testing for Furnace No. 4 was done in accordance with the Global Consent 

Decree (GCD) that was entered on May 7, 2010, negotiated between 

Saint- Gobain Containers, Inc., the EPA and affected states.  Chrome 

testing for Furnace No. 3 was done to demonstrate compliance with the 

National Emission Standard for Hazardous Air Pollutants for Glass 

Manufacturing Area Sources, 40 CFR Part 63, Subpart SSSSSS for 

affected sources.  SGCI previously tested Furnace 3 for chromium and 

demonstrated compliance with the National Emission Standard for 
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Hazardous Air Pollutants for Glass Manufacturing Area Sources, 40 CFR 

Part 63, Subpart SSSSSS for affected sources.  However, the earlier test 

was performed when the furnace was manufacturing the color antique. 

SGCI performed this subsequent test during the manufacture of 

champagne green colored glass which has a higher chromium input in the 

batch.  Note that other furnaces have been tested when running 

champagne green and demonstrated compliance. 

 

2.5 Background Information:  None 

 

2.6 Participants: 

Horizon Personnel: 

Preston Skaggs, Team Leader 

Matt Busch, Matt Caron and Kyle R. Kline, Field Technicians 

Michael E. Wallace, PE, Calculations and QA/QC 

David Bagwell, QSTI, Report Review 

Christopher D. Lovett, Technical Writer 

Test Arranged by: Jayne Browning, Saint-Gobain Containers, Inc. 

Observers:  

 Plant Personnel: Marlon Trigg, Saint-Gobain Containers, Inc. 

 Agency Personnel: Gerry Pade, PSCAA 

Test Plan Sent to: Gerry Pade, PSCAA 
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3. SUMMARY OF RESULTS   

3.1 Table of Results:  

Table 1 

Furnace No. 3 – Total Chrome Test Results 

Test Date: February 8, 2011 Units Run 1 Run 2 Run 3 Average 

Start Time  07:56 10:28 12:55  

End Time  09:56 12:28 14:55  

Sampling Time  minutes 120 120 120 120 

Sampling Results       

Total Chrome      

   Concentration µg/dscm 619 971 1,040 878 

   Rate lb/hr 0.039 0.060 0.065 0.054 

   Production-Based  lb/ton 0.0047 0.0073 0.0079 0.0066 

      Subpart SSSSSS Limit lb/ton    0.02 

Sample Volume dscf 67.6 66.0 67.2 66.9 

Sample Volume dscm 1.9 1.9 1.9 1.9 

Percent Isokinetic % 94 95 94 94 

Sample Weight, Total µg 1,185 1,814 1,987 1,662 

O2 % 20.0 19.9 19.8 19.9 

CO2 % 3.3 3.6 3.6 3.5 

Source Parameters      

Flow Rate (Actual) acf/min 28,400 27,300 28,200 28,000 

Flow Rate (Standard) dscf/min 16,700 16,400 16,600 16,500 

Temperature °F 389 377 389 385 

Moisture % 6.7 6.2 6.7 6.5 

Process/Production Data       

Glass Pull Rate ton/hr 8.18 8.18 8.18 8.18 
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Table 2 

Furnace No. 4 – SO 2 and NO x Test Results  

Test Date:  February 8, 2011 Units Run 2 Run 3 Run 4 Average  

Start Time  10:19 12:17 13:47  

End Time  11:20 13:19 14:48  

Sampling Time  minutes 60 60 60 60 

Gaseous Emissions      

SO2 Concentration ppmv 32 30 30 31 

   Mass Rate lbm-SO2/hr 5.4 4.5 4.7 4.9 

   Production Based Rate lbm-SO2/ton 1.0 0.86 0.90 0.93 

       Permit Limit (GCD)     2.5 

NOx Concentration ppmv 381 384 362 376 

   Mass Rate lbm-NOx/hr 46.6 42.4 40.9 43.3 

   Production Based Rate lbm-NOx/ton 8.9 8.1 7.8 8.2 

      Interim Emission Factor (GCD) lbm-NOx/ton    14.4 

Source Parameters       

Flow Rate (Actual) acf/min 27,700 25,100 25,900 26,200 

Flow Rate (Standard) dscf/min 17,100 15,400 15,800 16,100 

O2 % 16.6 16.6 16.7 16.6 

CO2 % 3.8 3.7 3.6 3.7 

Temperature °F 363 365 366 364 

Moisture % 5.2 5.0 5.5 5.2 

Process/Production Data      

Glass Pull Rate ton/hour 5.26 5.26 5.26 5.26 
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3.2 Discussion of Errors and Quality Assurance Proc edures:  This 

table is taken from a paper entitled “Significance of Errors in Stack 

Sampling Measurements,” by R.T. Shigehara, W.F. Todd and W.S. Smith.  

It summarizes the maximum error expressed in percent, which may be 

introduced into the test procedures by equipment or instrument limitations. 

 

Measurement % Max Error 

Stack Temperature   Ts 

Meter Temperature   Tm 

Stack Gauge Pressure   Ps 

Meter Gauge Pressure   Pm 

Atmospheric Pressure   Patm 

Dry Molecular Weight   Md 

Moisture Content   Bws (Absolute) 

Differential Pressure Head   ∆P 

Orifice Pressure Differential   ∆H 

Pitot Tube Coefficient   Cp 

Orifice Meter Coefficient   Km 

Diameter of Probe Nozzle   Dn 

1.4 

1.0 

0.42 

0.42 

0.21 

0.42 

1.1 

10.0 

5.0 

2.4 

1.5 

0.80 

 

3.2.1 Manual Methods:  QA procedures outlined in the test methods were 

followed, including equipment specifications and operation, calibrations, 

sample recovery and handling, calculations and performance tolerances.   

 

On-site quality control procedures include pre- and post-test leak checks 

on the sampling system and pitot lines.  If pre-test checks indicate 

problems, the system is fixed and rechecked before starting testing.  If 

post-test leak checks are not acceptable, the test run is voided and the run 

is repeated.  The results of the leak checks for the test runs are on the 

Field Data sheets.   

 

Thermocouples used to measure the exhaust temperature are calibrated 

in the field using EPA Alternate Method 11.  A single-point calibration on 

each thermocouple system using a reference thermometer is performed.  
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Thermocouples must agree within ±2°F with the refer ence thermometer.  

Also, prior to use, thermocouple systems are checked for ambient 

temperature before heaters are started or readings are taken.  Nozzles 

are inspected for nicks or dents and pitots are examined before and after 

each use to confirm that they are still aligned.  The results were within 

allowable tolerances.  Pre- and post-test calibrations on the meter boxes 

are included with the report along with semi-annual calibrations of critical 

orifices, pitots, nozzles, and thermocouples (sample box impinger outlet 

and oven, meter box inlet and outlet, and thermocouple indicators).  

 

3.2.2 Continuous Analyzer Gas Sampling:  The QA procedures from EPA 

Method 7E in Title 40 CFR Part 60, Appendix A, July, 2008 were done for 

O2, CO2 and SO2 gas analyses.  Analyzer system checks are noted on the 

Calibration Field Record sheet, with procedures documented in the 

QA/QC section in the Appendix.  All calibration standards used in the 

testing were EPA Protocol 1.  Certificates for the gas cylinders are 

included in the Appendix. 

 

A stratification check was done on the exhaust of Furnace No. 4 and it 

was not found to be stratified as defined by EPA Method 7E.  Gases were 

therefore sampled at a single point, the centroid, of the exhaust stack. 

 

3.2.3 Tedlar Bag Gas Sampling and Analysis:  The QA procedures from 

EPA Method 3/3A in Title 40 CFR Part 60, Appendix A, July, 2007 were 

followed for gas sampling and analysis.  Analyzer system checks are 

noted on the Calibration Field Record sheet, with procedures documented 

in the QA/QC section of the Appendix.  All calibration standards used in 

the testing were EPA Protocol 1.  Gas certificates are in the Appendix. 
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4. SOURCE DESCRIPTION AND OPERATION 
 

4.1 Process and Control Device Description and Oper ation:  

There are four glass-melting furnaces at the Saint-Gobain plant in Seattle, 

WA.  Furnace No. 3 is oxy-fuel fired, with oxygen gas being used to 

support combustion rather than ambient air.  This process results in 

greater overall energy efficiency, improved energy transfer to the glass, 

and a significant reduction in NOx emissions.  The primary fuel source of 

Furnace No. 3 is natural gas with additional energy input from electricity 

delivered through electrodes immersed in the glass (electric boosting).   

 

Furnace No. 4 is an end-port regenerative furnace and is air-fuel fired, 

also utilizing natural gas as its primary fuel source.  As a regenerative 

furnace, its increased fuel efficiency is realized by utilizing the heat 

generated in the combustion process to preheat the air and fuel used in 

further combustion processes.  Additionally, increased thermal efficiency 

is realized by the regenerative furnace in providing heat to the primary 

glass-melting process itself.  

 

4.2 Test Ports:  Both of the ducts were steel, circular, vertical, and without 

flow straighteners or extensions.  Two ports were sampled at the Furnace 

No. 4 exhaust.  Only one port was accessible for sampling on the exhaust 

duct of Furnace No. 3, therefore it did not meet EPA Method 1 Criteria. 

 

Both ducts were sampled using the maximum number of traverse points 

indicated in EPA Method 1, 11.2.2, Figures 1-1 and 1-2.  Port and traverse 

point locations are described and diagrammed on the Field Data sheets. 

 

The exhaust ducts of Furnace Nos. 3 and 4 are tapered.  The angles of 

taper of these two furnace exhausts are 3° and 5° respectively.  Both 

ducts can be considered straight for meeting EPA Method 1 criteria as 

discussed in the EPA document, “Guidelines for Sampling in Tapered 

Stacks,” by T.J. Logan and R.T. Shigehara (1978).  According to this 

document, if the angle of the stack wall taper is less than 15° the duct is to 

be considered straight.  
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4.2.1 Individual Test Duct Characteristics: 

 

  

 

 

 

 

 

 

 

 

 

4.2.2 Cyclonic Flow Check:  Cyclonic flow checks were done at the 

exhausts of Furnaces 3 and 4 during previous testing on September 22, 

2005.  During the cyclonic flow check, null angles were measured using a 

digital protractor and it was verified that the average angle of flow was less 

than twenty degrees from vertical, indicating the absence of cyclonic flow.  
 

4.3 Operating Parameters: Confidential batch composition information is 

not included in the official report, but will be provided to PSCAA as a 

supplementary enclosure. 
 

4.4 Process Startups/Shutdowns or Other Operational  Changes 

During Tests:  Process was continuous during testing. 

 

Furnace No. 3 

Construction: Steel 

Shape: Circular (tapered) 

Size: 49 inches inside diameter  

Orientation: Vertical 

Flow straighteners: None 

Extension: None  

Cyclonic Flow: None expected 

Meets EPA Method 1 Criteria: No,  

only 1 port is accessible for sampling 

Furnace No. 4 

Construction: Steel 

Shape: Circular 

Size: 40.25 inches inside diameter 

Orientation: Vertical 

Flow straighteners: None 

Extension: None 

Cyclonic Flow: No Cyclonic flow 

expected 

Meets EPA Method 1 Criteria: Yes 
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5. SAMPLING AND ANALYTICAL PROCEDURES 
 

5.1 Sampling Procedures: 
 

5.1.1 Sampling and Analytical Methods:  Testing was in accordance with 

procedures and methods listed in the Source Test Plan dated January 5, 

2011 (see Correspondence Section in the Appendix), including the 

following:  EPA Methods in 40 CFR Part 60, Appendix A, July 1, 2007. 
 

Glass Melting Furnace No. 3 

Flow Rate: EPA Methods 1 and 2 (pitot traverses w/PSCAA Method 29)  

CO2 and O2: EPA Method 3/3A (integrated bag samples NDIR and 

paramagnetic analyzers) 

Moisture: EPA Method 4 (incorporated w/EPA Method 29) 

Chrome: EPA Method 29 (isokinetic impinger technique with analysis 

by ICP-OES/ICP-MS) 

  

Glass Melting Furnace No. 4 

Flow Rate: EPA Methods 1 and 2 (S-type pitot flow traverses) 

CO2 and O2: EPA Method 3A (NDIR and paramagnetic analyzers)  

Moisture: EPA Method 4 (impinger train technique) 

SO2:  EPA Method 6C (non-dispersive ultraviolet analyzer) 

NOx:  EPA Method 7E (chemiluminescent analyzer) 

 

5.1.2 Sampling Notes: None 

 

5.1.3 Laboratory Analysis: 

 

Analyte Laboratory 

Chrome Columbia Analytical Services, Kelso, WA 

 

5.2 Sampling Train Diagrams:  
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Figure 1 

EPA Method 29 Chrome Sample Train Diagram 

 

Figure 2 

EPA Methods 3A, 6C and 7E Analyzer Sample System Di agram 
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5.2.1 Diagram Exceptions: Impingers 4, 5 and 6 of the EPA Method 29 

sampling train were not used (these are not necessary unless mercury is 

to be tested). 

 

5.3 Horizon Test Equipment: 

 

5.3.1 Manual Methods:  

 

Equipment Name Identification 

Isokinetic Meter Boxes CAE Express, Horizon No. 3 & No. 19 

Inclined Liquid Manometers Incorporated with meter boxes 

Probe Liners Borosilicate Glass 

Pitots and Thermocouples 3s-1, 4-5, 5-5, PS-5H 

Nozzles 0.2933, 0.2915 

Barometer Test Van III 

 

5.3.2 CEM Analyzers and Methods: 

 

Gas Brand Model Cal. Span Measurement Method Method  

O2 Servomex 1400 22.22% Paramagnetic 3/3A 

CO2 Servomex 1440 21.23% Chopperless NDIR 3/3A 

NOx Thermo Env 42i 968 ppm Chemiluminescent 7E 

SO2 West. Resch 721M 48.5 ppm Non-Dispersive Ultraviolet 6C 

 

5.3.3 CEMS Sampling Setup: 
 
CO2, O2, NOx and SO2 Sampling: 

Sample Location: Fixed point near the centroid of the exhaust 

Probe:  Heated Stainless 

Conditioning:  Horizon 286 thermoelectrically cooled conditioner 

Sample Line(s): Teflon (heated to sample conditioner & unheated to  

   pump) 

Pump:   Teflon lined 

Data Logger:  Keithley (PC based) with Test Point software  
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5.3.4 Bag Sampling Setup: 

 

Integrated Tedlar bag samples were taken from the orifice exhaust of the 

isokinetic meter box used for flow and moisture determinations during 

Furnace No. 3 testing.  The bag contents were then analyzed using the 

instruments listed above.      

 

 

6. DISCUSSION 

 

The results of the testing should be valid in all respects.  All quality assurance 

checks including leak checks, instrument checks, and calibrations, were within 

method-allowable tolerances.   

 




















































































































































































































































